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Here Ik is the k-th action, and nk and J.Lk represent the corresponding quantum number and Maslov index, respectively.
In recent years, many workers have applied semiclassical quantization techniques to regions of phase space surrounding a classical resonance. In this Letter, we present a general formula for the Maslov indices of satellite tori surrounding an isolated, nonlinear resonance in a near-integrable system of any number N of degrees of freedom. These turn out to be simply related to the Maslov indices of the resonant parent torus. Moreover, the relation between the old and new indices depends only on the integers entering the resonance condition, and not on the functional form of the Hamiltonian or perturbation. Our results confirm formulas that have been proposed for systems of two degrees of freedom. 1, 2 Our calculation relies on a novel formula for the Maslov index, Eq. (2) below, which does not involve counting caustics. The ideas behind this formula originated in some topological observations of Arnold 4 and Voros,s which one of us (R.G.L.) has applied to wave packet evolution. The derivation of this formula is based on wave packet ideas and is discussed elsewhere 6 ; here we merely explain what the formula means and how it may be used.
We let (0, J) be a set of proper action-angle variables in ,some region of interest in phase space. (The designation "proper" is due to Born,7 and will be explained below.) We consider a closed contour r(.\) in phase space, where .\ is a parameter in the range 0 ~ .\ < 21r. Jl, = 2 wn ( S ( .\ ) ) .
In applications to quantization, the path r(.\) is usually obtained by letting some fh vary between 0 and 27r, while holding all other O's and all the J's fixed.
(One can then set .\ = Ok.) The Maslev index obtained thereby is the Jl,k appearing in Eq. (1). We shall refer to this contour and Maslov index as being "generated by" the action J k , since r(.\) in this case is the orbit in phase space generated by tr-eating J k as a Hamiltonian. As we shall see, however, it is sometimes convenient to consider more general paths r(.\), which are allowed by the definition above. and 271". Then it turns out that the winding number of S(.\) is the same as the winding number of this loop about the origin in the complex plane. The latter can be written as an integral via Cauchy's theorem:
We require our action-angle variables to be "proper," which means that as the angles vary independently between 0 and 27r, every point on the torus J = const. is ... ~. 
That is, when we multiply symplectic matrix loops, the winding numbers simply add. This is a standard result from the homotopy theory of topological groups, as applied to the symplectic group; and is easy to prove. These two theorems are examples of the kinds of manipulations one can carry out with the topological definition of the Maslov index, which would be difficult to apply to caustic counts.
Let us now ·consider a near-integrable Hamiltonian H· = H 0 (J') + EH 1 (0', J'), 
EU"(O)0I/2.
It is then easy to transform this Hamiltonian to action-angle variables. We denote the canonical transformation by (0, J) -4-(4), I); it is generated by 
l "
(.
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The first term on the right is simply J1.k. As for the second term, we apply Eqs. (2, 3) to the canonical transformation generated by Eq. (5), and find, after a short calcu- 
But <Pl and 11 are constant along the orbit generated by h or J k for k i= 1, so the second winding number is zero. Thus we obtain 1/k = J1.k, as claimed.
As for 1/1, Eq. (6) is still valid with k = 1, but the loop in phase space along which the Jacobians are evaluated is now an orbit generated by 1 1 • This is no longer one of the basis contours on the parent torus (it does not coincide with the orbits generated by any of the J k ), so the first winding number on the right can no longer be related to any of the J1.k. In fact, it vanishes. To see this, express the orbit generated by 11 in the (<p, I) coordinates (which is easy, since only <Pl is not constant), and use the canonical transformation generated by Eq. (5) 3,7) . Now, however, <P1 is not constant, but rather ranges from 0 to 21r. As it does so, the indicated complex number encircles the origin once. Therefore the second term in Eq. (6) is 2, and, altogether, we have 1/1 = 2.
To summarize, we have shown that in the appropriate coordinates, one of the Maslov indices of the satellite tori is 2, and the others are the same as those of the resonant parent. We have also shown explicitly how to find these special coordinates.
To illustrate these results, we consider the 1 : 1 resonance in the water molecule, in the model which has been studied by Sibert et al. 11 and others. In this model, the water molecule consists of two coupled one-dimensional oscillators, which, if the coupling can be ignored, have Maslov indices 1-" = (2,2). Near the 1 : 1 resonance, however, there are satellite tori. The integer vector for this resonance is n ' = (1, -1), which is mapped into n = (1,0) by the unimodular matrix, A = (~ ~) , so that I-' = (2,4). Therefore the Maslov indices of the satellite tori are v = (2, 4 
